The aim of this work is to perform a complete Lie symmetry classification of a generalized LaneEmden type system in two dimensions which models many physical phenomena in biological and physical sciences. The classical approach of group classification is employed for classification. We show that several cases arise in classifying the arbitrary parameters, the forms of which include amongst others the power law nonlinearity, and exponential and quadratic forms.
Introduction
For many years extensive studies using various approaches have been done on the LaneEmden type equation
Δy F y 0, 1.1 which has applications in astrophysics. Recently, the Lane-Emden type systems have attracted a lot of attention in modelling physical phenomena in biological and physical sciences 1, 2 . In many of these investigations the nonlinearity in the system is often assumed. However, the symmetry-based approach provides a systematic way to specify the nonlinearities in the models of physical importance and mathematical interest.
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The bidimensional Lane-Emden system 3 : is studied from the view point of both Lie and Nöether point symmetry classification where p, q / ∈ {0, 1} are arbitrary constants. In particular, the Lie point symmetry classification is obtained for the cases p / q p 1/q and p q where q / 0, ±1 including the special case p q −1.
In the current study we generalize the last system by considering the bidimensional Lane-Emden system of the form
where f v and g u are nonzero arbitrary functions of their respective arguments. The underlying system 1.3 is a two-dimensional Euler-Lagrange model system in elastostatics 4 . Recently, in 5 Nöether point symmetry classification of system 1.3 is performed and various forms of the arbitrary functions are obtained which include linear, power, exponential, and logarithmic types.
The plan of this work is organized as follows. In Section 2 we generate the classifying relations determining equations for the arbitrary elements . The computation of the equivalence transformations is presented in Section 3. In Section 4 the Lie group classification of the underlying system is performed. Finally, we summarize our investigations in Section 5.
Generator of Symmetry Group and Classifying Relations
According to the Lie algorithm we seek the generator of Lie point symmetries for system 1. 
where subscripts denote partial differentiation with respect to the indicated variables and "prime" indicates total derivative with respect to the given argument. The manipulation of 2.2 yields the general generator of symmetry group for system 1.3 in the form
where C 1 , C 2 are arbitrary constants and a, b, c, d are the arbitrary smooth functions which satisfy
The determining equations 2.5 and 2.6 are known as the classifying relations/equations. Since the variables x and y do not appear explicitly in the underlying system 1.3 , the principal symmetry Lie algebra admitted by this system is spanned by at least two operators, namely, X 1 ∂ x and X 2 ∂ y to be established in Section 3 .
Equivalence Transformations
Following the infinitesimal approach 9 we consider the generator of equivalence group of the form 3.2
We require the prolonged operator for the extended system 3.2 having the form
where Y 2 is the second prolongation of 3.1 given by
3.4
The variables ζ i j and ω i k are given by the prolongation formulae
respectively, where
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3.7
Upon application of the prolongation 3.3 , the invariance conditions of system 3.2 read 0.
3.8
The solution of system 3.8 is given by where c 1 , . . . , c 8 are arbitrary constants. Therefore, system 1.3 has 8-dimensional equivalence Lie algebra spanned by the operators
3.10
The composition of the one-parameter group of transformations for each Y i yields the equivalence group for system 1.3 given by the transformations
where α 1 , . . . , α 6 / 0 and β 1 , . . . , β 4 are arbitrary constants. Next we use the theorem on projections of equivalence Lie algebras 9 to establish the principal Lie algebra for system 1.3 . The projections of the equivalence generator 3.1 are given by and therefore the principal Lie algebra for system 1.3 is three-dimensional and it is spanned by the operators
3.18
Remark 3.1. The principal Lie algebra 3.18 can be achieved alternatively by solving the resulting equations obtained from splitting the determining equations 2.5 and 2.6 with respect to the arbitrary elements and their derivatives.
Our goal in Section 4 is to extend the principal Lie algebra, that is, we obtain the functional forms of the arbitrary elements f v and g u which provide additional operator s . Upon the use of equivalence transformations 3.11 , the classifying equations 4.1 and
Group Classification

Conclusion
In this work we performed the Lie symmetry classification of a generalized bidimensional Lane-Emden type system. The functional forms of the arbitrary parameters were specified via the classical method of group classification, and these include the combination of power law nonlinearity, exponential, logarithmic, quadratic, linear, and constant forms. Many cases yielded four symmetries apart from the five-dimensional symmetry Lie algebra obtained in the case for which both parameters are of exponential forms. The other cases possess infinite dimensional symmetry Lie algebra.
